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Abstract 
This paper discusses aspects of the literature considered in the Indoor Environmental Quality (IEQ) to study in the 
architecture studio. Studio-Based Learning (PBS) has been widely practiced for the architecture program and is 
emphasized as one of the learning needs for the purpose of design ideas. Indoor environmental quality includes 
thermal comfort, ventilation, noise, suspended materials in the air and the chemical content composition. For the 
architecture studio, aspect of thermal comfort is taken into account, with the additional parameters of air quality, 
disturbances, control, appearance, general atmosphere and lighting. 
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1. Introduction 
Studio-Based Learning (PBS) used by most institutional architecture today is a module that has been 
established in the Ecole des Beaux which is then forwarded by the institution before it is applied to the 
architecture learning systems around the world [1]. Through studio-based learning, every problem can be 
established through analysis and criticism from lecturers. Through this system, students were given the 
opportunity to develop their design ideas through the help of lecturers, or without the assistance of 
lecturers but from the criticism of colleagues in the studio. 
 
Indoor Environmental Quality (IEQ) plays an important role in determining the effectiveness of 
learning in the architecture studio. The comfort of Indoor environment is very much affected by weather 
elements. They become some of the contributing factor to general discomfort in Malaysian household. 
For example, the increase in temperature and humidity will cause the increase in body temperature and 
feeling of stickiness and uneasiness. 
 
This paper discusses aspects of the consideration of the IEQ in creating a conducive learning 
environment. The literature review is focused on learning in an architecture studio where it will highlight 
the importance and the current scenario of the indoor environment. Air pollution is a major factor 
affecting the indoor environmental quality. The framework developed is intended to measure the indoor 
environmental quality in the studio of architecture studio in detail. 
  
2. Literature Review 
 
2.1. Thermal comfort 
 
Thermal comfort has a goal to develop a ‘comfort zone’ or the temperature range in which most 
people feel comfortable. This is achieved when there is pleasant feeling for the occupants. ASHRAE 
Standard 55-1992 defines thermal comfort as a state of mind that is satisfied with the terms of the 
environment. Thermal comfort factors of climatic factors are air temperature, average radiant 
temperature, relative humidity and air speed, whereas the personal factors involve activity and clothing. 
The temperature inside a building is slightly higher than the outdoor temperature. Three factors 
contributing to the increase in temperature in a building are: 
 
i. Emission of heat from the lights and electrical appliances;  
ii. Admission heat from the outside through the walls, windows and roofs of the buildings; 
iii. Heat convection by hot air from outside the building. 
 
To overcome the problem of rising temperatures, natural or mechanical ventilation was introduced. 
Humidity is the amount of water vapor that exists in any space. The density of water vapor per unit 
volume is known as absolute humidity. The Amount of moisture stored in the air influences the 
temperature. The hotter the air, the more moisture is trapped. In addition, there are also a factors that 
affect comfort, such as gender, body shape (fat, Dubois area) and races. Thermal comforts can be 
measured in a variety of methods. Among them are seven-point ASHRAE scale, Bedford scale and the 
scale of Humphreys and Nicol. This scale is used to obtain information about the human preference 
(subjects) on the terms of the surrounding environment. Thermal comfort research in Malaysia continues 
to grow and involve several types of buildings such as classrooms, factories and the room climate and is 
identified as their own nature of comfort. The normal thermal comfort achieved in Malaysia when the 
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relative humidity (RH) between 45% - 80.6% and the temperature (dry bulb temperature) is between 
25.5oC - 28.5oC. 
 
2.2. Ventilation 
 
In a country that is hot-humid tropical climate like ours, the wind or the air flow is required to 
accelerate the evaporation so as the discomfort of the stickiness of the skin can be reduced. This process 
is the only one which found to be highly effective in giving comfort to the skin as well as the decrease in 
the air temperature which is often difficult to be met if we rely on natural methods without the aid of 
mechanical devices such as air conditioning. Ventilation and air flow in a building should be provided 
either naturally or mechanically. The main purpose of ventilation is to maintain a low level of 
contamination in a building. Normally the maximum comfort level of indoor ventilation per minute is 20 
square feet per person. If an area is allowed for smoking, the ventilation should be 50 cfm / person. 
Preparation of the opening in the building either in the form of air wells, windows, lattice and decorative 
elements for the ventilation purposes, actually have a direct impact in terms of physiology, particularly in 
the case of hygiene and air movement in buildings. Indirectly ventilation influence the air temperature 
and humidity inside the room or on the surface of the wall. Here are the basic roles of ventilation and air 
flow inside a building: 
 
i. To meet the health needs, in which maintaining air quality in buildings above a minimum level, 
by converting used air into clean air. This condition must be followed in any situation and 
design; 
ii. To produce thermal comfort, i.e. to increase body heat loss and reduce discomfort on the moist 
and sticky skin; 
iii. To cool the structure of a building when the temperature conditions prevailing in the principle of 
exchange of air through the thermal pressure to work more actively if the height of a house can 
be held with the opening at the top and the bottom one. 
 
2.3. Noise 
 
Noise pollution from a scientific definition is the signal that does not give any information and the 
strength that changes dramatically over time, while the general definition is a sound that is not preferred 
that causes discomfort. Excessive noise can be deafening in which the definition of noise pollution and 
psychologically noise is defined as ‘unwanted sound’. This is when the sound reproduction occurs in 
places that are not appropriate with more than 80 decibels (dB). In addition, the effects of noise pollutions 
are also affecting the ears (auditory effect) and the outer ear (non-auditory effect). Effects of noise 
pollution caused by noise that is too loud in excess of 120 decibels (dB) can cause damage to the small 
hearing bones and can impair hearing permanently. It can also cause a personal pain, dizziness, nausea 
and vomit, speech disturbances and behavior that can deteriorate the quality and efficiency of their work. 
They are also easily tired, often feel anxious and irritable. Among the methods to achieve a comfortable 
sound level is to provide sound absorbing materials transferrable either through air or activity. Good 
design during construction could reduce noise through the use of appropriate materials. Among the 
proposals to reduce noise through the design process are ensure that the position of the rooms are far from 
noise sources, install two layers of windows to prevent noise, and good selection of floor and wall fabric 
with a high sound reduction index. 
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2.4. Suspended materials in the air 
 
One result of air pollution is a matter suspended materials in the air. Suspended particles (PM10) are 
the particles with the size less than 10 1J. M, which could be sucked into the lungs. PM10 is an important 
indicator for assessing air quality in the Klang Valley. The guidelines have been proposed for air quality 
control  in Malaysia which 150 μg/m3 (micrograms per cubic meter of air). 
 
Hazy conditions is said when the level of suspended particles is twice greater than normal condition, 
while visibility or visible distance is less than 1 km and a relative humidity of less than 95%. Among the 
diseases often associated with the occurring haze problem is asthma attack. Asthma is a disease that 
occurs in the airways of individuals who are sensitive to stimuli from external factors. The disease is 
caused by the narrowness of the respiratory tract as a result of the movement of the spastic bronchitis, 
swelling of the bronchial branches and excess mucus production. There are two types of asthma, extrinsic 
asthma caused by external factors such as eating dirt or dust in the air or the weather. Meanwhile, 
intrinsic asthma is caused by Indoor factors such as genetics, emotional tension or fatigue. 
 
2.5. Chemical contents composition 
 
For this category, pollutants, whether primary or secondary, are further divided into two parts 
according to their chemical composition of organic and non-organic. Organic materials consist of carbon, 
hydrogen, oxygen, nitrogen, phosphorus and sulfur. Hydrocarbons are organic substances containing only 
carbon and oxygen. Other organic materials that can be identified in the contaminated air are carboxylic 
acids, alcohols, esters and other organic sulfur. In-organic materials identified in the contaminated air is 
carbon monoxide (CO), carbon dioxide (CO2), carbonates, sulfur oxides (SOx), nitrogen oxides (NOx), 
ozone (O3), hydrogen fluoride (HF) and hydrogen chloride (HCl). 
 
In Malaysia, the Department of Occupational Safety and Health introduced a code of practice for 
indoor air quality in July 2005. These guidelines are used for industrial areas as shown in Table 1. 
 
Table 1. List of Contaminants and the Maximum Limit 
 
Indoor Air Pollutant 
Air concentrations of 8 hours duration 
PPM mg/m3 mg/m3 
Carbon Dioxide C1000  
Carbon Monoxide 10  
Suspended Materials (PM10) 0.1  
Formaldehyde 
 
0.5 
Highly Volatile Organic Materials 3  
 
 Thermal comfort is closely related to the comfort level of the occupant and many studies have been 
conducted to determine the air quality to ensure indoor air and the suspended materials is at the minimum 
levels as set out and do not threaten the health of consumers. According to Cheong [2], the existing 
ventilation system failed to maintain the thermal comfort level of students in classrooms in Singapore 
during peak hours. According to Yau [3], the range of temperatures taken in the library at the Ungku Aziz 
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Hall, Universiti Malaya is 17.6oC-20.0oC which is lower than the value set by ASHRAE of 24oC, 50% 
relative moisture. Relative moisture level of the library is 57.4% -66.8% which also exceeds the standards 
set. 
 
According to N. Dadan [4], a study conducted in the classrooms of the Faculty of Electrical 
Engineering College of Universiti Teknikal Kebangsaan Malaysia, found that the saturation level of 
carbon dioxide varies with time. Study duration was 2 hours. At the beginning, the saturation level of 
carbon dioxide is low because the students have not entered the classroom. After 50 minutes, the 
minimum possible level of comfort is achieved. After an hour and a half , the saturation level of carbon 
dioxide is the maximum value and then progressively declined as the students began to leave the 
classroom after that time. The average level of carbon dioxide saturation is 1395.714 ppm as compared to 
the ASHRAE 62-2004 standard which is not more than 1000 ppm. While the temperature and relative 
humidity in the classroom is uniform during the interval time of 2 hours. The maximum value of the 
Indoor temperature is 23.5oC gathered from ASHRAE standard 62-2004 temperatures should be in the 
range of-26oC 22.5oC. The average value of moisture in the classroom was 61.09% compared to the value 
of the proposed standard is 40% -60%. Based on this scenario, there is a need to study the IEQ condition 
and its effect to the architecture students since most of the students’ time is spent in the studio rather than 
in normal classroom. Moreover in UKM, the students have their own studios and personal workstations 
that they prefer to be in the studio during the learning hours.  
 
3. Framework 
 
Studio-based learning makes it easier for students to interact with one another and exchanging ideas in 
the designing process as well as assisting each other. In addition to facilitating the students to share 
information, the studio also facilitated lecturers to monitor students’ activities. Studio-based learning 
system in Malaysia, on the average is limited to students who take academic programs under the Built 
Environment program. This makes them quite different from other students because they are exposed to 
the culture of their own learning environment.  
 
Basically the studio is the most important element in architecture and its learning method. The 
architecture students do their homework in the studio under the supervision of their lecturers. A fully 
equipped studio is equipped with table for painting, model making, coloring and can accommodate a wide 
range of activities for students themselves. These studio permit students to communicate with one another 
and share the knowledge they acquire, and with a distinctive approach to solve any problem. Huang [5] 
reported an architecture studio should be able to accommodate the comfort and activities within and 
existing facilities to meet the needs of learning. 
 
This makes most architecture students spend their study time in the studio space. Hence, students are in 
the studio both day and night. In addition, discussion areas are normally provided which turns the studio 
to be used as a place for discussions and briefing sessions. When approaching the end of the semester, the 
studio is open 24 hours a day to meet the needs of students. An example of internal layout of UKM 
architectural studios is shown in Figure 1. 
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Figure 1. Architectural studio in UKM Architecture Program 
IEQ aspects is to be considered in the architecture studio to provide conducive learning environment. In 
UKM, all architecture studios are air-conditioned. There are five architecture studios, which is fixed for 
first year students up to fifth year. Details of the architecture studios in UKM are shown in Table 2 below. 
 
Table 2. Details of Architecture Studio 
 
No Studio Area (M2) Numbers of students Type of Air conditioning System 
1 Year 1 128 14 Centralized control system 
2 Year 2 149 23 Centralized control system 
3 Year 3 182 16 Centralized control system 
4 Year 4 62 6 Centralized control system 
5 Year 5 87 9 Centralized control system 
 
In the literature, IEQ evaluation parameter for the architecture studio is proposed to be based on the 
parameters used by Kamaruzzaman et. Al [6]. This parameter is used because it is one of the most recent 
research that has been done in developing the IEQ parameters and literally found to be suitable to be 
applied to the architecture studio. Table 3 shows the IEQ parameters that are applied in the architecture 
studio. 
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Table 3. IEQ parameters for architecture studio. 
 
Source: Simplified from Kamaruzzaman et.al [6] 
 
 Sub-factor  2 The moisture level 
 Sub-factor 3 The level of your health in the room 
 Sub-factor 4 The smell in the room 
Factor 2 : Disturbances    
 Sub-factor 1 Noise level 
 Sub-factor  2 The level of glare in the room 
 Sub-factor 3 The level of glare in the vicinity of your desk and VDU 
 Sub-factor 4 The temperature of the building 
Factor 3 : Control     
 Sub-factor 1 Total air movements 
 Sub-factor 2 Ventilation  
 Sub-factor  3 Control environment 
Factor 4 : Appearance    
 Sub-factor 1 Room color 
 Sub-factor 2 The attractiveness of the room 
 Sub-factor 3 External appearance of your building 
Factor 5 : General    
 Sub-factor 1 Area of workspace in the room  
 Sub-factor 2 Management  
 Sub-factor 3 Buildings in general 
 Sub-factor 4 Privacy in the room 
 Sub-factor 5 Close friends 
Factor 6 : lighting     
 Sub-factor  Total illumination 
 Sub-factor  Distance from window 
 Sub-factor  Mechanical lighting  
 
For the measurement of thermal comfort, it is divided into two, namely temperature and relative 
humidity, as shown in Table 4. This measurement is an additional evaluation component of IEQ 
parameters. 
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Table 4.  IEQ Parameter – temperature and relative humidity 
 
No Parameter  Reading  Notes  
1 Thermal comfort   
 a. Temperature  
 
 
 
 
25.5oC – 28.5oC 
 
 
 
1= Very low (less than 25.5oC or more 
than 28.5oC 
2= Low (25.6oC – 26oC) 
3= Average (26.1oC – 27oC) 
4= Good (27.1oC – 28.5oC) 
 b. Relative humidity 45% - 80.6% 1= Very low (less than 45% or more 
than 80.6% 
2=Low (45.1% - 60%) 
3=average (60.1% - 70%) 
4=Good (70.1% - 80.6%) 
 
4. Summary 
 
In theory, this paper discusses the parameters of Indoor environmental quality (IEQ) by literature 
research in creating conducive learning environment in the architecture studio. Development of IEQ 
evaluation parameters for the architecture studio is based on the parameters used by Kamaruzzaman et.al 
[6]. Measurement of thermal comfort is an additional assessment component of IEQ consists of 
temperature and relative humidity. Quality learning environment and comfortable will increase the 
concentration of students, thus promoting interaction and communication in the context of knowledge 
sharing. 
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